Non existence of Universal NOT gate for arbitrary quantum mechanical states is a fundamental constraint on the allowed operations performed on physical systems. The largest set of states that can be flipped by using a single NOT gate is the set of states lying on a great circle of the Bloch-sphere. In this paper, we show the impossibility of universal exact-flipping operation, first by using the fact that no faster than light communication is possible and then by using the principle of "non-increase of entanglement under LOCC". Interestingly, in both the cases, there is no violation of the two principles if and only if the set of states to be flipped, form a great circle. PACS number (s 
The structure of quantum system, poses some restrictions on the operations that can be performed physically. Sometimes these restrictions plays a crucial role to understand the basic features of the system and naturally our task is to find the fundamental nature of these restrictions in a simple way. It has been shown that an arbitrary state taken from a set of two known, non-orthogonal states can not be copied exactly in a deterministic way [1] . Similarly, one can not delete copy of an unknown state by performing some linear, trace preserving joint operations on two copies of that state [2] . Interestingly, several authors derived these no-cloning and no-deleting theorems by applying some fundamental principles of nature like impossibility of signalling [3, 4, 5] and preservation of entanglement for closed systems under local operations [6] .
Another interesting feature of quantum system, is the non-existence of universal NOT gate [7] for arbitrary input qubit states, i.e., there exists no universal NOT gate which can flip any unknown qubit state |ψ to its orthogonal state |ψ ⊥ [8, 9, 10] . This no-flipping theorem has a stark dissimilarity with others, as unlike no-cloning and no-deleting, two non-orthogonal states can always be flipped. Actually the largest set of states (of qubit system) which can be flipped exactly, by a single unitary operator is the set of states lying on a great circle of the Bloch sphere [11, 12, 13] .
In this paper our aim is to establish the no-flipping theorem by applying the following established principles of nature:
1. Impossibility of superluminal signalling -It is impossible to communicate any message between some spatially separated parties with a speed greater than the speed of light.
2. The thermodynamical law of Entanglement -Amount of Entanglement shared between some spatially separated parties can not be increased by LOCC, i.e., by performing local operations on the subsystems and classical communications between them.
In other words our aim is to show, if exact flipping of even the minimal number(i.e., three) of states, not taken from one great circle, is possible, then one can send instantaneous signal as well as increase entanglement between two distant parties by local operations.
For this purpose we consider three arbitrary states not lying in one great circle in their simplest form as;
where a, b, c, d are real numbers satisfying the relation a 2 +b 2 = 1 = c 2 +d 2 and 0 < θ < π, a > 0, c > 0, and the states |0 , |1 are orthogonal to each other. We assume that a machine exists which can flip at least these three states exactly. The most general flipping operation for these three states can be described as
where µ and ν are some arbitrary phases and |M is the initial machine state. The flipped states are orthogonal to the original states, i.e.,
where |ψ = b|0 − a|1 and |φ = d e −iθ |0 − c|1 in their usual notations. The above operation is not assumed to be unitary and the dynamics acts linearly on mixture of these three states.
First we show that the exact flipping machine which we have considered, implies signalling. Consider two spatially separated parties, say, Alice and Bob who initially share an entangled state of the form,
where Alice holds a system associated with three dimensional Hilbert space, having a basis, { |0 , |1 , |2 }(say) and Bob's system consists of a qubit (entangled with Alice's system) and a flipping machine defined as in equation (2) . Here one should note that the joint system of Alice and Bob has been chosen in such a manner that the marginal density matrix of Bob's side admits a representation in terms of the three states |0 , |ψ , |φ , on which the flipping machine has been defined.
The reduced density matrix of Alice's side is
Now assume that Bob applies the flipping machine on his qubit. After the flipping operation the shared state between Alice and Bob takes the following form,
The final density matrix of Alice's side (expanded in the computational basis) is
As this is a trace preserving local operation performed entirely on Bob's side and there is also no classical communication between them, so to prevent any violation of the principle of no-signalling, the reduced state on Alice's side must remain unchanged. Equating the reduced density matrices on Alice's side before and after the flipping operation on Bob's side we get the following relations
The above relations imply,
forcing the states to lie on a great circle. So, we observe that as long as the three states do not lie on a great circle, we have, ρ i A = ρ f A , and interestingly whenever the equality holds, i.e., ρ i A = ρ f A , the three states actually lie on a great circle. This clearly shows that exact flipping of any three states not lying on a great circle is an impossibility. Now, we are going to show the impossibility of universal flipping using the principle of non-increase of entanglement by LOCC. Here we must be careful about the fact that in the earlier set-up (equation (4) , and remaining four(B 1 , B 2 , B 3 , B 4 ) are with Bob.
Let us assume that Bob has a flipping machine (defined earlier) with him which he applies on his last qubit(B 4 ). After the flipping operation the joint state between them takes the form,
In order to compare the amount of entanglement present in |Ψ i AB with that present in |Ψ f AB , we compare the eigenvalues of the marginal density matrices on Alice's side before and after the flipping operation.
The initial state of Alice's subsystem is;
The final state of Alice's subsystem is;
where, 
and
where E stands for amount of entanglement. So this establishes the impossibility of universal flipping as here the only operation that has been allowed is local. A close look will reveal that the greatest eigenvalues are equal (i.e., no increase of entanglement), only when, the three states on which we have defined our flipping machine, lie on one great circle.
In the conclusive remarks, we want to mention that, as a constraint on quantum mechanical system, the 'No-Flipping' theorem is weaker than the 'No-Cloning' and 'No-Deleting' theorem, because exact flipping is possible for all states lying in one great circle of the Bloch sphere. Hence, showing the impossibility of universal flipping from the principle like No-signalling and Non increase of entanglement by local operations, is an interesting problem, which has not been dealt with earlier. Particularly showing this impossibility from non-increase of entanglement has been a hard task and it remains an open problem whether one can establish the same using lesser number of qubits. In this context, recently no-flipping has been established by using the existence of incomparable states where one qutrit and two qubits are required [14] .
